Isolation of Hes5::GFP NSC and Lgr5::GFP ISC by FACS Hes5 positive neural stem cells were isolated and sorted by FACS as described (10) . Lgr5 positive intestinal stem cells were isolated as described in (9) . The fluorescent cells were sorted with a MoFlo XDP ( Beckman Coulter; Brea, California ). A 100 µm nozzle was used and worked with 25 psi sheath pressure. The sample differential pressure was kept as low as possible. The doublets were excluded over the width of the FSC; Discrimination of live and dead cells was done with Hydroxystilbamidine (Fluorogold) (Enzo Life Sciences GmbH ).
Plasmids
The coding sequence for Klf4 was cloned into the pcaggs2-promoter plasmid using ClaI and MscI sites. Mutated β-catenin cDNA (14) was introduced into a pcaggs2-IRES-puro vector, and stable transfectants were established. Tcf1 coding sequence was cloned into the pCS2 vector. Luciferase constructs were cloned into the pGL3-basic vector (Promega). Luc-Tert-2.9 kb contained 2900 bp upstream of the mTert transcription start. Cloning details can be obtained upon request. The Luc-Tert-300bp construct has been described (20) . pCDNA3 FLAG-hSetd1a and pCDNA3.1/Hygro FLAG-hAsh were described previously (21) . Mutations of the Klf4 and Tcf/Lef binding sites were inserted in the Luc-Tert-300bp construct following the instructions of the QuikChange™ SiteDirected Mutagenesis Kit (Agilent Technologies) using primers listed in Table S1 .
Luciferase assay A total of 0.2 x10 5 wt ES cells were seeded on 24-well gelatine-coated dishes and transfected with FuGENE ® 6 (Roche). After 24 h, cells were treated with 150 ng/ml Wnt3a (R&D Systems). For co-transfections of reporter plasmid with pCS2 Tcf1, or pcaggs2 Klf4 0.5 x10 5 wt ES cells or 0.5 x10 5 β-cat -/-or β-cat -/-+ β-cat clone1 ES cells were seeded on 24-well gelatine-coated dishes. After 48 h, Luciferase activity was quantified, and relative light units were normalised to the protein concentration determined by the Bradford dye assay (Sigma-Aldrich). All experiments were done in duplicate and repeated at least three times.
Immunohistochemistry and immunofluorescence
Immunohistochemistry and immunofluorescence were performed as described previously (22) . The following antibodies were used: anti-β-catenin (1:300, BD), anti-PCNA (1:500, Dako), and anti-Oct4 (1:200, Santa Cruz), anti-Cd44 (BD, 553131) and anti-lysozyme (DAKO, A0099).
Telomerase activity assay The telomeric repeat amplification protocol (TRAP) was carried out with the TeloTAGGG Telomerase PCR ELISAPLUS Kit (Roche), allowing the quantitative determination of telomerase activity. Total protein extract (200 ng) was used in each reaction following the manufacturer's recommendations.
Telomere length assay Q-FISH was performed using standard procedures, as previously described (23) . FISH was carried out with a 5' biotin-tagged RNA probe (5'-BIOTEG -(TTAGGG) 4 T) in which each second nucleotide was substituted by the RNA analog LNA, to a final concentration of 100nM. The probe was obtained from TIB MOLBIOL, Eresburgstrasse 22-23, D-12103 Berlin, Germany. Fluorescent images were collected with a Cell Observer ® (Observer Z1) microscopy platform from Zeiss combined with the CSU-X1 spinning disk technology from Yokogawa. Images were captured with an AxioCam MRm CCD camera and analyzed with TFL-Telo V2 software (23) .
Chromatin immunoprecipitation
ChIP experiments were performed as described (24) with the following modifications. Cells were fixed in PBS and 1% paraformaldehyde (10 min, 25°C) and lysed by sonication to obtain DNA fragment sizes of 0.5-1 kb. Chromatin (250 µg, determined by measuring the absorbance of crosslinked chromatin) was precleared (2 h, 4°C) and immunoprecipitated (overnight at 4°C) with the following antibodies: β-catenin (Cell Signalling) for mouse cells, β-catenin (Millipore SW480; BD NTera2) for human cells, Klf4 (25) , Pol II (Santa Cruz), Pol II Ser5P (Abcam), Ash2l (Cell Signalling), Setd1a (Novus), rabbit-IgG (Diagenode), mouse-IgG (Santa Cruz) and goat-IgG (Santa Cruz). Protein-A and protein-G Dynabeads (Invitrogen) were used. The immunoprecipitates were subjected to sequential washings 2 x in TSE I, 2 x in TSE II, 1 x in buffer III and 3 x in TE Buffer, and antibody-protein complexes were solubilised with 1% SDS and 0.1 M NaHCO3 (1 h shaking at 1250 rpm). ChIP experiments for methylated histones were performed as described above with the following modifications. For each immunoprecipitation, 50 µg of chromatin was incubated with 2 µg of anti-H3 (Abcam) or anti-H3K4me3 (Diagenode). Re-ChIP experiments were carried out as described above with the following modifications: 300 µg chromatin was immunoprecipitated with the following antibodies: β-catenin (Cell signalling) and Klf4 (Santa Cruz). Protein-G Dynabeads were used for immunoprecipitation. Elution was carried out for 30 min at 37°C in elution buffer containing 10 mM DTT. Eluted material was diluted and used for a second immunoprecipitation, followed by sequential washings in 1 x in TSE I, 1 x in TSE II, 1 x in buffer III and 3 x in TEBuffer. ChIP DNA was purified using QIAquick MinElute spin columns (Qiagen) and analysed by real-time PCR using ABsolute SYBR Green ROX Mix (Thermo Scientific) (ChIP in mES cells) or Platinum ® Sybr ® Green qPCR SuperMix-UDG with ROX (Invitrogen) (ChIP in human cells and mouse in vivo ChIP ). For PCR of Primers for human Tert promoter and mouse Tert -2000/ -200/ -1000/ + 1000 a final concentration of 1M Betaine (Sigma-Aldrich) was added to the PCR-Mix. PCR was carried out on an Applied Biosystems 7300 Real Time PCR System. Primer sequences are listed in Table S1 . In vivo ChIP experiments were carried out as described above with the following modifications: Isolated crypt and villus fractions were fixed immediately in PBS in1% paraformaldehyde (10 min, 25°C) and lysed for 60 min on ice. Cell lysis was followed by sonication to obtain DNA fragment sizes of 0.5-1 kb. Chromatin was precleared (1 h, 4°C) and immunoprecipitated (overnight at 4°C) with the following antibodies: β-catenin (Cell Signalling; in wt mice) and β-catenin (BD; in β-cat ΔEx3/+ mice). Protein-A and Protein-G Dynabeads (Invitrogen) were used for immunoprecipitation. ChIP washing buffer III contained 0.125 M LiCl. ChIP experiments in Hes5-positive NSC and Lgr5-positive ISC were carried out as described above with the following modifications: FACS sorted Hes5 and Lgr5 cells were fixed immediately after sorting in PBS in1% paraformaldehyde (10 min, 25°C) and lysed for 15 min on ice. Cell lysis was followed by sonication to obtain DNA fragment sizes of 0.5-1 kb.
Chromatin (80µg chromatin of Hes5, 35µg chromatin of Lgr5) was precleared (45 min 4°C and immunoprecipitated (overnight at 4°C) with anti-β-catenin (Cell Signalling) followed by Protein-A Dynabeads (Invitrogen) and followed by sequential washings in 1 x in TSE I, 1 x in TSE II, 1 x in buffer III and 3 x in TE Buffer. ChIP experiments in crypt organoid cultures and neurosphere cultures were carried out as described above with the following modifications: 100 µg chromatin of crypt orgoniod cultures and 150 µg chromatin of neurosphere cultures were used for immunoprecipitation.
Co-immunoprecipitation assays of nuclear protein extracts All buffers used in the experiment were supplemented with protease and phosphatase inhibitors (Complete, Roche, Na3VO4, NaF), and the procedure was carried out at 4°C. Cells were lysed in (20 mM Hepes pH 7.9, 20 mM NaCl, 5 mM MgCl2, 20% glycerol, 0.5 mM DTT). Nuclei and insoluble cell fragments were separated by centrifugation and resuspended in a low-salt buffer (20 mM Hepes pH 7.9, 20 mM NaCl, 1 mM MgCl2, 20% glycerol, 0.1% NP-40, 0.5 mM DTT). Nuclear proteins were extracted by increasing the salt concentration to 420 mM. 1,5 milligram of the protein nuclear extract in IP buffer (20 mM Hepes pH 7.9, 150 mM NaCl, 5 mM MgCl2, 20% glycerol, 0.5 mM DTT) was used for each assay. Lysates were precleared for 60 min with 20 µl of Protein G magnetic beads (Dynabeads, Invitrogen), followed by the addition of either rabbit IgG (Diagenode) or Klf4 (Santa Cruz) antibody over night. Rabbit IgG was precleared with Sepharose (DEAE-Sepharose; Sigma). Protein A magnetic beads (Dynabeads, Invitrogen) were used to collect antibodies for 1 h, and beads were washed three times, 5 min each, in 1 ml of washing buffer (20 mM Hepes pH 7.9, 200 mM KCl, 1 mM EDTA, 10% glycerol, 0.2% NP-40, 0.5 mM DTT). For coimmunoprecipitations, Flag-tagged hAsh2l and Flag-tagged hSetd1a proteins were coexpressed with myc-tagged β-catenin in HEK293 cells. RabbitFlag-antibody (Sigma) was used for immunoprecipitation. Immunopreprecipitation was carried out as described above with the following modifications: Immunoprecipiation with Protein A magnetic beads (Dynabeads, Invitrogen) was carried out at 4°C for 3 hours. Beads were diluted with Sepharose (DEAE-Sepharose; Sigma). The antibodyprotein complexes were solubilised in 20 µl of SDS loading buffer supplemented with DTT (Fermentas) and separated by SDS-polyacrylamide gel electrophoresis.
GST-pulldown Pulldowns with equal amouts of either GST or GST-β-catenin coupled to Glutathione SepharoseTM 4B (GE Healthcare) were performed with [35S]methionine-labeled in vitro translated hSetd1a protein (TNT T7 coupled Reticulocyte Lysate System, Promega). Unspecifically bound proteins were removed by washing three times in buffer (40 mM Hepes at pH 7.5; 5mM MgCl2; 0,2 mM EDTA, 1mM DTT ; 100 mM KCl; 0.5% NP-40), one time in buffer containing 300mM KCl and one time PBS/0,1 %Tween. Protein complexes were separated by SDS-PAGE and visualized by autoradiography.
Western blot analysis Cells were washed twice with PBS and scraped in 400-800 µl of protein lysis buffer (Fermentas). Equal amounts of protein were separated by SDS-polyacrylamide gel electrophoresis, transferred to a PVDF membrane (Millipore) and analysed by western blotting using standard protocols. ECL Plus (GE Healthcare Life Sciences) was used to visualise the signals on the membrane. For western blot analysis of mTert protein NuPAGE ® 3-8% Tris-Acetate Gels (Invitrogen) and Novex ® Tris-Acetate SDS Running Buffer (Invitrogen) were used.
Real-time PCR Total RNA was prepared using the RNeasy Mini Kit (Qiagen). DNase I-treated RNA was converted to cDNA using the RevertAid TM First Strand cDNA Synthesis Kit (Fermentas) primed by random hexamers. qPCR was performed using the ABsolute QPCR ROX Mix (Thermo Scientific) in combination with the mouse Universal Probe Library (Roche) according to the manufacturers' instructions. Results were obtained from at least three experiments performed in triplicate, and error bars indicate SEM. Primer sequences for each gene are provided in Table S1 .
Statistical analysis From public data sets (16) (Fig 1 D) was analysed with GraphPad Prism Software. Samples were assayed with Shapiro-Wilk normality test for normal distribution. If the test was not passed for normal distribution the non-parametric MannWhitney U test was applied (Fig. 2B,C,F,G; Fig. 3A-E, G,H; Fig. 4E ) or the Wilcoxon matched-pairs signed rank test (Fig. 1D) with parameters for the p-value: two-tailed and confidence intervals of 95%. Fig. 5F , β-actin expression does not correlate with β-catenin expression, p<0.9204, R2=0.00016. Expression levels of Tert, β-actin and β-catenin were analysed from a public available micro array data set of human colon cancer samples (16) Table S1 . List of primers Table S2 . Data from a public available array data set of human colon cancer samples (15) . Table S3 . Number of ChIP experiments; p-values and negative control normalization of ChIP data
